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METAL FREE CROSSLINKING OF
GALACTOMANNAN

BACKGROUND

1. Field of the Invention

This disclosure relates generally to methods and composi-
tions to tailor polymers for use 1n the o1l field services indus-
try. More specifically, this invention relates to methods and
compositions to tailor polymers to modify the viscosity of o1l
field services tluids.

2. Description of the Related Art

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

Guar and guar derivatives are widely used 1n tluids for use
in oil-well fracturing and stimulation applications. They are
particularly used 1n hydraulic fracturing fluids, to initiate and
propagate the hydraulic fracture, to provide rheology to trans-
port proppant through the hydraulic fracture, to provide fluid
loss control, and to suspend proppant 1n the hydraulic frac-
tures after a hydraulic fracturing treatment until the hydraulic
fracture has closed onto the proppant to hold 1t 1n place. They
are used in combination with several other chemicals, and
particularly crosslinkers to provide optimum crosslinked
gels, necessary to transport and suspend the proppant.

The guar used 1n the o1l field services industry can be either
natural guar or derivatized guar. The dertvatized guar can be
hydroxypropyl guar (HPG), cationic guar, carboxymethyl
guar (CMG), carboxymethyl hydroxypropyl guar (CMHPG),
hydroxvyethyl guar (HEG), carboxymethyl hydroxyethyl guar
(CMHEG), hydrophobically-modified guar (HMG), hydro-
phobically-modified carboxymethyl guar (HMCMG) and
hydrophobically-modified hydroxyethyl guar ( HMHEG).

Conventional natural and derivatized guars have primary
and secondary hydroxyl (—OH) groups which are the typical
functionality responsible for their crosslinking. In the oilfield,
inorganic crosslinkers such as borates, zirconates, titanates,
aluminates, chromates, and hatnium are used to increase the
gel viscosity. The type of 1norganic crosslinker and the con-
ditions used depends on fluid requirements. Borate crosslink-
ers are commonly used for low and medium temperature
applications due to their shear msensitivity. It 1s commonly
accepted that borate 1ons are responsible for the crosslinking
of guar dervatives through interaction with the cis hydroxyls
in the positions 2 and 3 of the manose and galactose monosac-
charides. Organometalic crosslinkers are also used to
increase the high temperature stability of the fluds. Com-
plexes of transition metals such as Zr, 11, Al, Cr, Hi, are
commonly used as metallic crosslinkers. It 1s commonly
accepted that organometallic ions are responsible for the
crosslinking of guar denvatives through interaction with
either the c1s hydroxyls 1n the positions 2 and 3 of the man-
nose and galactose monosaccharides, or alternatively with the
carboxylate groups introduced in the structure through
derivatization of the natural guar polysaccharide. Organome-
tallic crosslinked fluids are typically delayed fluids for which
suitable ligands and delay agents are required to achieve
acceptable crosslinking delay. Organometallic crosslinkers
are typically more efiective in crosslinking guar derivatives
than natural guar.

In the applications disclosed 1n the oilfield literature using,
guar and guar derivatives, 1t is commonly accepted that all the
chemical functionality required for the polymer to effectively
crosslink 1s available from the source polymer (be that func-
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2

tionality hydroxyls in natural guar or hydroxyl and or car-
boxylate groups in denivatized guar) prior to being pumped
into the wellbore.

A typical process for using fluids comprising these poly-
mers includes the steps of hydrating the natural guar or guar
derivative 1n an aqueous medium, providing a crosslinker, and
preferably some means of delaying the interaction between
polymer or crosslinker. Typically, the use of encapsulated
crosslinkers, the delayed release of activators, or the addition
ol a substantial amount of competing ligands as complexing
agents for the crosslinker metal have proven as effective
methods 1n a variety of applications.

The absence of alternative functional chemical moieties to
the hydroxyl and or carboxylate groups present 1n guar and
guar derivatives impairs the ability to react these polymers 1n
aqueous medium through other common chemistry reactions.
This 1n turn prevents the use of a varniety of other organic
crosslinkers in use 1n other industries.

Abad et al. GB2422839B, disclosed methods to function-
alize and further crosslink guar and guar dertvatives by intro-
ducing alternative functionalities such as epoxy or aldehyde,
in the guar backbone.

The use and crosslinking of oxidized guar, aldehyde con-
taining guar, and similar aldehyde or carbonyl containing
polymers through chemical reaction of the aldehyde group
has been disclosed 1n the past. Germino et al. U.S. Pat. No.
3,297,604, disclosed the use of galactose oxidase enzyme to
produce oxidized guar gum, yielding aldehyde bearing oxi-
dized products which were crosslinked with amino polymers,
polyhydroxy containing polymers and proteins. Brady et al.,
U.S. Pat. No. 6,022,717 described a novel process to oxidize
guar using a galactose oxidase enzyme. Segura,
GB2416792A discloses a method of treating a subterranean
formation with a treating fluid comprising a carbonyl con-
taining compound and an amine contaimng compound. Such
carbonyl compound can be obtained by oxidation of a guar
polymer with periodate. Abad et al. GB2422839B also dis-
close the use of aldehyde containing polymers such as poly-
acroleine, oxidized guar, oxidized starch, acroleine grafted
guar, guar polyaldehyde, and polymers contaiming aldehyde
precursors such as acetals and hemiacetals as viscosiiying
agents for wellbore operations. Melbouci et al. US2007/
0275862 disclose oilfield servicing compositions including
fracturing and stimulation fluids containing and aldehyde
guar produced by enzymatic oxidation of guar or guar deriva-
tive with galactose oxidase combined with catalase and per-
oxidase.

All the crosslinked treatments described in the prior art
only consider the use of functional polymers that have been
synthesized away from the wellsite and then transported to
the wellsite for use in wellbore treatments. In addition the
treatment disclosed 1n the prior art do not propose methods of
delaying the chemical interaction between the functional
polymer and the organic crosslinker, and rely on the reaction
kinetics and diffusion of the reactive species for suitable
crosslinking control. This time delay i1s critical for some
downhole applications such as fracturing, where a non-de-
layed fluid can cause excessive friction 1n the pipe, and ulti-
mately mability to pump at the required rate, lack of suificient
fracture width, or undesired pressure increase up to maximum
allowed for the treatment, all which can result in failed opera-
tions or service quality issues. Time delay 1s also important in
applications where a plugging mechanism 1s required such as
internal filtercake formation, water control, diversion 1in well-
bores for different stages in a treatment, diversion in natural
fractures for directional steering of the main hydraulic frac-
ture wing, or diversion 1n formations of different permeabil-
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ity, loss circulation while drilling, and the like. In these appli-
cations substantial viscosity development or gellation 1s
required once the treatment has substantially penetrated the
zone of the wellbore or the geologic formation of interest so
that appropriate performance 1s ensured.

In the vast majority of the wellbore applications where
viscosification, crosslinking or gellation 1s required down-
hole, delaying mechanmisms are typically needed. Methods of
introducing additional delay to the interaction between func-
tionalized polymers and the organic crosslinkers are needed.
Methods to tailor crosslinking systems to modily the viscos-
ity ol polymer-based systems are needed. It 1s desirable that
these methods are effective, efficient, and reliable over a wide
range of temperatures and pressures.

SUMMARY

In some embodiments, methods of treating a subterranean
formation are disclosed, using a fluid including an essentially
metal-free organic crosslinker selected from amines,
diamines, poly amines, polyamino polymers, alcohols, poly-
ols, polyhydroxy polymers, hydroxyl amines, peptides and
proteins, combined with a polysaccharide or cellulosic mate-
rial having oxidized functional groups. The fluid 1s then 1ntro-
duced into a wellbore penetrating the formation to contact the
formation. The polysaccharide or cellulosic matenial may
have aldehyde groups as one example of an oxidized group, or
any other suitable oxidized functional group. The polysac-
charide or the cellulosic material may be oxidized using at
least one of an enzymes, oxidizers, photooxidation, bacteria,
catalyst, or other suitable technique. The fluid may also tur-
ther include an 1norganic crosslinker.

In some 1nstances, the aqueous medium used to form the
fluid 1s contaminated, and flmd viscosity 1s essentially unal-
tered by contaminants present in the aqueous medium. Also,
in some other cases, the polysaccharide or the cellulosic
maternial 1s at least partially oxidized prior to hydrating or
while hydrating in an aqueous medium.

Some other embodiments are methods of forming a flmd
contaiming an essentially metal-free organic crosslinker
selected from amines, diamines, poly amines, polyamino
polymers, alcohols, polyols, polyhydroxy polymers,
hydroxyl amines, peptides and proteins, combined with a
polysaccharide or cellulosic material having oxidized func-
tional groups.

In yet another embodiment, a method 1s disclosed which
includes providing a fluid containing an essentially metal-
free organic crosslinker selected from amines, diamines, poly
amines, polyamino polymers, alcohols, polyols, polyhydroxy
polymers, hydroxyl amines, peptides and proteins, combined
with a polysaccharide or cellulosic material having oxidized
functional groups, and then contacting a target material with

the fluid to treat a target zone 1n a subterranean formation.

BRIEF DESCRIPTION OF THE FIGURES

For further understanding of some embodiments, and the
advantages thereof, reference 1s now made to the following
description taken 1n conjunction with the accompanying fig-
ures, 1n which:

FIG. 1 1s a flowchart illustrating a first method embodi-
ment.

FI1G. 2 1s a flowchart illustrating a second method embodi-
ment.

DESCRIPTION

At the outset, 1t should be noted that in the development of
any such actual embodiment, numerous 1implementation—
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4

specific decisions must be made to achieve the developer’s
specific goals, such as compliance with system related and
business related constraints, which will vary from one 1mple-
mentation to another. Moreover, 1t will be appreciated that
such a development effort might be complex and time con-
suming but would nevertheless be a routine undertaking for
those of ordinary skill 1n the art having the benefit of this
disclosure. In addition, the composition used/disclosed
herein can also comprise some components other than those
cited. In the summary of the invention and this detailed
description, each numerical value should be read once as
modified by the term “about” (unless already expressly so
modified), and then read again as not so modified unless
otherwise indicated in context. Also, in the summary of the
invention and this detailed description, 1t should be under-
stood that a concentration range listed or described as being
usetul, suitable, or the like, 1s intended that any and every
concentration within the range, including the end points, 1s to
be considered as having been stated. For example, “arange of
from 1 to 10” 1s to be read as indicating each and every
possible number along the continuum between about 1 and
about 10. Thus, even 11 specific data points within the range,
or even no data points within the range, are explicitly ident-
fied or refer to only a few specific, 1t 1s to be understood that
inventors appreciate and understand that any and all data
points within the range are to be considered to have been
specified, and that inventors possessed knowledge of the
entire range and all points within the range. The statements
made herein merely provide background information related
to the present disclosure and may not constitute prior art or
describe some embodiments 1llustrating the invention.

Embodiments described herein are techniques treating
subterrancan formations using, at least i part guar, guar
derivatives, functionalized guar, functionalized guar deriva-
tives, and preferably oxidized guar or oxidized guar deriva-
tives. In particular, use of organic compounds 1n combination
with modified polysaccharides, 1n particular galactoman-
nans, and more 1n particular oxidized guar to obtain essen-
tially metal free crosslinked gels suitable for use 1n wellbore
applications such as, but not limited to, hydraulic fracturing,
diversion, acid gellant, kill pills, lost circulation treatments,
colled tubing cleanout, water control treatments, thickener,
ant1 settling agent, and the like. Some advantages include
water quality independent system (use of produced water,
treatment tlowback water, some types of waste water, sea
water or high density brines), early viscosity development
(1.e. low temperature without boron), and effective use/en-
hanced effect with particulates and fibers. In some embodi-
ments, the polysaccharide or cellulosic based matenal 1s oxi-
dized 1n situ during an operation to affect the rate and/or
timing of crosslinking.

In one embodiment, described 1n FIG. 1, a method of
treatment 100, 1s composed of the following. A source of a
water soluble polymer 110 “pol-X"" (aqueous solution, solid,
emulsion, dispersion) contaiming functional groups “X” 1s
provided and metered, 1nto a stream of aqueous solvent 120
and substantially hydrated to a state described as linear fluid
130. At least one stream of reactive chemicals 140 1s also
metered 1nto the fluid stream. An organic crosslinker
“Z—R—7" stream 150 containing at least two functional
groups “Z” and a bridge backbone “R” 1s also metered into the
fluid stream. This organic crosslinker 1s defined as a chemical
able to react with polymers with functional groups “Y”, but
not substantially with functional groups “X”, to form links
“Y—7—R—7—Y"”. A suite of other additives which may be
required for the eflectiveness of the treatment 160 may also be
provided, including, but limited to, surfactants, activators,
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bactericides, clay stabilizers, diverters, emulsifiers, fluid loss
additives, friction reducers, rheology modifiers, non-emulsi-
tying agents, bulfers, anti-sludge, H2S inhibitors, parailin
and asphaltene inhibitors, oxygen scavangers, wettability
modifiers, surface tension reducers, 1rron control, mutual sol-
vent, microemulsion, foaming agents, high temperature sta-
bilizers, fibers, particulates, breakers, inorganic scale mnhibi-
tors, organic scale mhibitors, corrosion inhibitors, secondary
crosslinkers, and the like. Enough contact and reaction time
and reactor volume 170 1s provided in the process 100 for the
polymer 110 and the reactive chemaicals 140 to transform at
least partially some of the functional groups “X” 1n the poly-
mer into different functional groups “Y”". Chemical reaction
between the newly formed “Y” groups with the “Z” func-
tional groups 1n the organic crosslinker 150 yields a viscosi-
fied, crosslinked, gelled, or solidified tluid 180 with sufficient
organic crosslink points “Pol-Y—7—R—Z7—Y-Pol” so as to
be capable of providing a desired performance downhole 190.
Additional chemical reactions, chemical and or physical
clfects as provided by other additives 160 may, when neces-
sary, further enhance the fluid viscosity, and other rheological
properties, so as to be capable of further improving the
desired performance downhole 190. Those skilled 1n the art
will recognize that the process 100 provides further delay and
as such, improved control of the viscosity development and
the extent of gelation through organic reactions of aqueous
wellbore fluids based 1n polymeric fluids such as those based
on guar and guar derivatives. Secondary crosslinkers
described 1n this embodiment are those typically used for
crosslinking aqueous polymeric fluids used 1n the oilfield
industry, such as borate, aluminum, chromium, titanium,
hatnium, or zirconium metallic crosslinkers, when used in
combination with the organic crosslinking mechanisms
described 1n this embodiment.

In one embodiment, additionally delayed crosslinked flu-
1ds are obtained downhole, where the functional group “Y™ 1s
aldehyde, by 1n situ preparing aldehyde containing polymer
during the pumping stages of a wellbore treatment. For these
fluids and methods the fluid viscosity development 1s prima-
rily controlled by the in situ generation downhole of the
aldehyde groups 1n native guar or guar derivatives, starch or
starch derivatives or other water soluble polymers through
know chemical reactions. Examples of such reactions are
grafting acroleine, the inorganic catalyzed alcohol oxidation
with Ce, Cr, Mn, or periodate, or the enzymatic oxidation of
alcohols with enzymes such as galactose oxidase. Examples
of methods, conditions and stoichiometries required to
achieve polymers with substantial concentrations of aldehyde
groups are disclosed in the literature. A comprehensive list of
reactions that can be used for the purpose of the invention can
be found 1n March, “Advanced Organic Chemistry”, Third
Ed. J. March, 1985, J Willey and Sons, “Comprehensive
Organic Transformations™, R. C. Larock, Willey VCH, 1999.
In general all chemical reactions yielding aldehyde and car-
bonyl group containing polymers that can be effectively car-
ried out 1n aqueous brines can be consider as pertaining to the
invention.

Particularly interesting polymers for the invention are
natural and modified guar gum. Oxidation of guar can be
carried out chemically or preferably enzymatically by galac-
tose oxidase. Preferably neutral or anionic or amphoteric guar
that has been oxidized by galactose oxidase, additionally
catalase may be used 1n conjunction with the galactose oxi-
dase. Galactose oxidase can be applied to solid, slurry, or
solution forms of guar products: e.g., shredded, powder,
tflake, and pellet forms of neutral, anionic or amphoteric guar.
Derivatized guar, such as those containing hydroxypropyl
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groups can also be used 1n the oxidized form. The aldehyde
bearing products can give condensation products with prod-
ucts containing the amino functionality or similar.

Starch 1s a naturally occurring polysaccharide which con-
tains several aldehyde groups. Polyacroleine 1s a synthetic
polymer containing one aldehyde group per repeating unait.
Oxidized polysaccharides have been obtained by different
oxidation mechanisms, including reaction with metals such
as osmium, cerium, chromium, or manganese in different
oxidation states. Peroxicompounds such as hydrogen perox-
ide, periodate 1ons, organic peroxides and persuliates have
also been used for the purpose of oxidizing polysaccharides.
United States Patent Application Publication Number 2007/
0275862 discloses a method to oxidize guar gum, a galacto-
mannan by enzymatic reaction with a galactoxidase enzyme,
and 1s incorporated by reference thereto. While the purpose 1s
to 1improve the viscosity yield of the polysaccharide, it has
been found that the presence of multiple aldehyde groups in
the polysaccaride backbone can be used to improve some of
the typical performances that could be obtained with the
polymer disclosed using the known technology such as the
use of metal crosslinkers like boron, aluminum, zirconium
and titanium to enhance fluid viscosity.

Mild oxidizers, enzymes and photo catalytic reactions can
be used to oxidize guars and similar polymers used in the
oilfield. These oxidations can convert the carbon 6 hydroxyl
group 1n an aldehyde group or the vicinal hydroxyl groups of
carbons 2 and 3 1n two aldehydes by rupturing the carbon-
carbon bond. Also, the oxidation of the (Galactose can result in
aldehydes, ketones and carboxylic acid groups.

It has been disclosed 1n the prior art U.S. Pat. No. 3,297,
604, GB2416792A, GB2422839B that the presence of
organic compounds capable of reacting with aldehyde groups
in aqueous media such as amine contaimng compounds (like
as diamines, polyamines, polypeptides and the like), or alco-
hols containing compounds (like diols, polyols or sugar and
sugar derivatives) provides with an effective means of essen-
tially undelayed crosslinking reactions involving aldehyde
bearing polymers, such as polyaldehyde starch or polyalde-
hyde guar, or oxidized guar. For these fluids viscosity 1s
controlled primarily by the kinetics of the crosslinking reac-
tion between amine or alcohol compounds, and the aldehyde
containing compound.

The condensation reaction of aldehydes with amine func-
tionalities, such as primary amines, 1s well known. Another
advantage of the methods of the imnvention 1s that as disclosed
by Abad et al. GB2422839B, the organic links between alde-
hyde and amines can be labile at suitable pH and temperature
conditions, resulting in non permanent bonds, such as
—N—CH— or —NH—CH,— groups that can degrade on
prolonged exposure to high temperature, thus enabling the
molecule to become self degrading. This can help eliminate
uncertainty about the efiect of breaker concentrations, and
placement on the breaking of the gels in the proppant-pack in
applications where such degradability 1s of interest such as
hydraulic fracturing.

Examples of organic crosslinkers suitable include, but are
not limited to, alkyl diamines such as ethylene diamine, pro-
pylene diamine, butylene diamine, hexamethylene diamine,
dodecyl diamine and the like. Aromatic diamines such as 1,4
diamino benzene are also suitable for the invention. Amino
acids contaiming more than one amino group such as arginine
or lysine, or more than one nitrogen atom such as histidine
can be useful. Polypeptides containing multiple amino
groups can also be used. Other polyamino containing com-
pounds such as diethylene triamine, triethylene tetramine,
tetracthylene pentamine, and the like can also be suitable
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organic crosslinkers. Other amino-containing water soluble
polymers such as polyvinyl amine, chitosan, and the like can
be used.

Examples of some other organic crosslinkers suitable are
alkyl diols such as ethylenegylcol, propyleneglycol, 1,4
butane diol, 1,6 hexanediol, and the like. Aromatic diols such
as resorcinol can also be used. Polyols, such as glycerol,
sorbitol, eritritol, erythritol, or monosaccharides such as glu-
cose, fructose, mannose, or galactose can be used. Other
polyols such as polyvinyl alcohol and partially hydrolyzed
polyvinyl acetate can also be suitable.

Further, some embodiments involve the partial oxidation
ol polymers on-the-tly while hydrating the polymer or before
hydrating the polymer. This oxidation will provide functional
groups (1.e. aldehydes) that can be crosslinked with organic
crosslinkers and provide the required 1nitial viscosity. While
the flwd 1s travelling through the tubular section of the well-
bore, adequate hydration occurs, and the polysaccharide may
even be further crosslinked with conventional metal
crosslinkers (live and delayed) to maximize its viscosity for
proppant transport and suspension.

While one purpose 1s to provide an enhancement of the
viscosity of the fluid at low temperatures, it 1s found that high
temperature viable fluids can be prepared by adding metal
crosslinkers, 1n addition, to the formulation.

Those skilled 1n the art will easily recognize that in some
cases, the use of organic crosslinkers can provide improved
gels over typical crosslinked fluids as the extent of the
crosslinking reaction 1s less prone to alteration by the pres-
ence of trace contaminants 1n the water, such as acids, bicar-
bonates, or bacteria, or even those encountered often in non
purified water sources, or produced water, thus yielding more
robust fluids.

In yet other embodiments, non-metal based crosslinking
systems are used to strengthen borate crosslinked polysac-
charide gels, or even reduce the shear sensitivity of zirconium
and titantum crosslinked polysaccharide gels.

In another embodiment, a process 200 described 1n FI1G. 2,
1s disclosed, which allows reactive functionalities to be incor-
porated into the polymer that can increase the number of
active sites for organic crosslinking, provide more active sites
for metallic crosslinking, change the type of active sites
present 1n a polymer and/or that can alter the strength of the
crosslinking. The process 200 comprises the following. A
source ol a water soluble polymer 210 *“pol-U” (aqueous
solution, solid, emulsion, dispersion) containing functional
groups “U” 1s provided and metered, into a stream of aqueous
solvent 220 and substantially hydrated to an state that will be
named linear fluid 230. An organic linker molecule “V-R-W”
stream 240 containing at least one crosslinkable functional
group “W’ a bridge backbone “R”, and a bridging group “V”
1s also metered into the fluid stream. This organic linker
molecule 1s defined as a chemical able to react with polymers
with functional groups “U” to form links “U-V™. At least one
stream of crosslinker “XI1.”” 250 1s also metered into the fluid
stream. A suite of other additives required for the effective-
ness of the treatment 260 may also be provided, including
surfactants, activators, bactericides, clay stabilizers, divert-
ers, emulsifiers, fluid loss additives, friction reducers, rheol-
ogy modifiers, non-emulsiiying agents, butlers, anti-sludge,
H2S inhibitors, paraffin and asphaltene inhibitors, oxygen
scavengers, wettability modifiers, surface tension reducers,
iron control, mutual solvent, microemulsion, foaming agents,
high temperature stabilizers, fibers, particulates, breakers,
inorganic scale mnhibitors, organic scale inhibitors, corrosion
inhibitors, secondary crosslinkers, and the like. Enough con-
tact and reaction time and reactor volume 270 1s provided in
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the process 200 for the polymer 210 and the linker chemical
240 to transform at least partially some of the functional
groups “U” in the polymer into different functional groups
“W” creating functional polymers “pol-U-V-R-W”. Chemi-
cal reaction between the “W” group contaiming polymers
with the crosslinker 250 yields a viscosified, crosslinked,
gelled, or solidified fluid 280 with suificient organic crosslink
points “Pol-U-V-R-W-XL-W-R-V-U-Pol” so as to be capable
of providing a desired performance downhole 290. Addi-
tional chemaical reactions, chemical and or physical effects as
provided by other additives 260 can when necessary further
enhance the fluid viscosity, and other rheological properties,
so as to be capable of further improving the desired perfor-
mance downhole 290. Those skilled 1n the art will recognize
that the process 200 provides further delay and as such better
control of the viscosity development and the extent of gela-
tion through organic reactions ol aqueous wellbore fluids
based in polymeric fluids such as those based on guar and
guar dertvatives. Crosslinkers as described 1n this embodi-
ment are those chemaicals typically used in the oilfield indus-
try to crosslink aqueous polymeric fluids such as borate,
aluminum, chromium, titanium, hatnium, or zirconium based
metallic crosslinkers.

According to some embodiments, enhanced boron
crosslink-ability can be obtained by reacting aldehyde con-
taining polysaccharide polymers with chemicals containing
amino moieties that can form “U-V” links as well as other
crosslinkability enhancing functionalities “W” such as

(A) amino containing monosaccharides such as glu-
cosamine, providing several hydroxyl groups that can be
cifective crosslinking sites for boron species; such
amino containing compounds can react with aldehyde
containing polysaccharides to provide polysaccharides
with pendant groups that can be more easily accessible,
and or form stronger complexes with boron than the
typical mannose or galactose residues of guar and typi-
cal guar derivatives;

(B) amino containing oligosaccharides such as amino con-
taining olygocellulose or olygomanose can be used to
provide anchoring groups for crosslinking of guar or
other galactomanans with xanthan, diutan or other het-
eropolysaccharides;

(C) primary amine containing functionalized anyline
derivatives of structures, such as 1,2-dihydroxy-4-ami-
nobenzene, 2-hydroxy-4-aminobenzoic acid, 2-bo-
ronic-4-aminophenol, 3-boronic-4-hydroxymethyl-
anyline, 3-hydroxy-4-hydroxymethylanyline, and the
like, can be used to provide points for stronger polysac-
charide crosslinking with metallic crosslinkers such as
boron or aluminum,

(D) primary amine containing carboxylic acids, commonly

known as amino acids, can be used to provide points for

stronger polysaccharide crosslinking with metallic
crosslinkers such as zirconium, and or titanium;

(E)1n particular amino acids with more than two functional
groups such as primary amine containing hydroxyacids,
such as serine, tyrosine, or threonine, amino acids con-
taining more than one amino group such as asparagine,
lysine, or arginine, and polycarboxylic amino acids such
as glutamic acid, or aspartic acid can be used to provide
points for stronger polysaccharide crosslinking with
metallic crosslinkers such as zirconium, and or titanium:;

(F) long chain amines such as oleylamine, palmitoyl
amine, stearylamine and other can be used to provide
points for hydrophobic interaction between polymers
and 1nteraction with other hydrophobic associating
structures such as viscoelastic surfactants.
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In yet another embodiment, the viscosity development 1s
delayed by means of the itroduction of crosslinkable func-
tional moeties such as carboxylate groups through reaction of
a suitable linking chemical containing those with a polymer
containing sites that do not act as effective crosslinking points
for a given class of crosslinkers, or a polymer that only con-
tains an msuilicient concentration of crosslinkable points, so
as to yvield an insufficiently high degree of crosslinking when
reacted with common crosslinkers such as Zr or 11 and the
like. Examples of polymers suitable for this embodiment are
guar polysaccharides, and guar derivatives containing alcohol
groups (“‘U” groups). These polymers can be reacted through
an SN mechanism with Bromide or Chlonde (*V” groups)
containing linking molecules such as chloroacetic acid, chlo-
ropropionic acid, bromoacetic acid, bromopropionic acid and
the like, where the resulting polymer 1s a carboxylic acid
containing polymer. Other examples of polymers suitable for
this embodiment are oxidized guar polysaccharides, and guar
derivatives containing aldehyde groups (“U” groups). These
polymers can be reacted through a condensation mechanism
with amine (*V” groups) containing linking molecules such
as alpha amino acids such as alanine, arginine, asparagine,
aspartic acid, glutamic acid, glutamine, glycine, histidine,
lysine, leucine, 1soleucine, methionine, proline, serine, threo-
nine, tryptophan, tyrosine, valine, and the like, beta amino
acids such as beta alanine, 3-aminopropionic acid, 3-Ami-
nobutyric acid, chloroacetic acid, chloropropionic acid, bro-
moacetic acid, bromopropionic acid and the like, and other
amino acids and amino acid precursors such as epsilon ami-
nocaproic acid, epsilon caprolactam, betalactams, gamma
lactams and deltalactams where the resulting polymer after
delayed reaction downhole 1s a carboxylic acid containing
polymer.

The above resulting reactions aiming to functionalize the
polysaccharide are carried out preferentially 1n aqueous
based media, and may be carried out at the wellsite, through
a batch-mixed operation, or on-the-ily.

In some embodiments, molecules that comprise strong
organometallic bonds, and that can be used as extended
crosslinkers are disclosed. Such molecules would have struc-

tures of the generic form:
X—R,—YM-R,-MY—R,—X

The structures could be for instance, diamino terminated
organic structures that are obtained by reaction of a diboronic
acid, such as 1-4-benzenediboronic acid (1), with 2-hydroxy-
4-aminobenzoic acid (II). In this case X=NH,, R,=benzene
ring from (I), Y=2-hydroxy, 1-carboxy groups from (II),
M=Boronic acid, and R,=benzene ring tfrom (II).

In some embodiments, peptides according to the structure
H,N—CHR—CO—(NH—CHR—CO—),_ and similar can
be used and result 1 a crosslinked species that can further
enhance particle transportation. The peptide bonds present 1n
the crosslinked part of the molecule are not stable at high
temperature, and can degrade with time. The length of the
peptide linkage can be altered to provide the required stability
of the resulting fluid.

The following examples are presented to illustrate the
preparation and properties ol some embodiments of the
invention, and should not be construed to limit the scope of
the invention, unless otherwise expressly indicated in the
appended claims. All percentages, concentrations, ratios,
parts, etc. are by weight unless otherwise noted or apparent
from the context of their use.

EXAMPLES

For some of the examples below, a 1% guar polyaldehyde
stock solution was prepared by fully dissolving 0.53 g of guar
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polyaldehyde (available from Carbomer Inc.) containing 0.1
mmol of aldehyde per gram of guar in 53 ml of tap water.
Various fluids were prepared according to the formulations in
Examples 1 through 20 as described 1n Table 1 by dissolving
the required reactants 1n approximately 2 ml of said 1% guar
polyaldehyde stock solution 1n a closed 4 ml glass vial. The
reactants used for the prepared example formulations were:

A-1 sodium hydroxide

A-2 tetraborate decahydrate

A-3 Glycerol

A-4 Zirconyl oxydichloride

A-5 N'-(2-aminoethyl)-N-[2-(2-aminoethylamino)ethyl Jethane-
1,2-diamine

A-6 2,2' 2" "-nitrilotriethanol

A-T7 2-aminopentanediolc acid

A-8 2-amino-3.4,5,6-tetrahydroxyhexanal hydrochloride

In order to allow for the reaction between the aldehyde
groups 1n the guar polyaldehyde and the amino groups 1n
additives A-7 and A-8, the concentrations of these additives in
between brackets in Table 1 were dissolved 1n the guar poly-
aldehyde 15 minutes prior to the addition of the other reac-
tants.

The apparent fluid viscosity was monitored at various time
intervals (1 min, 3 min, 5 min, 10 min, and 1 hour) for
apparent viscosity changes. The viscosity of each fluid was
rated according the following qualitative gel strength codes
and criteria:

1. Fluid viscosity same as original polymer solution

2. Fluid viscosity slightly higher than original solution

3. Significantly cross-linked flowing gel; easy to remove
from vial by gravity

4. “Lapping” gel that flows upon vial inversion; difficult to
remove from vial by gravity.

5. Gel that barely flows upon vial inversion; very difficult to
remove from vial by gravity.

6. Solid gel that deforms but does not flow upon vial inver-
s1on; essentially impossible to remove from vial by grav-
ty.

In addition, the gelling rate (the rate of fluid viscosity
increase) for each fluid was qualitatively evaluated. Fluids
developing full viscosity 1n less than one minute were rated
“instantaneous”. Fluids developing full viscosity 1n less than
three minutes were rated “very fast”. Fluids developing full
viscosity 1n less than five minutes were rated “fast”. Fluids
developing tull viscosity 1n less than ten minutes were rated
“moderate”. Fluids developing full viscosity 1n less than one
hour were rated “slow”. Fluids not developing substantial
viscosity 1ncrease 1 one hour were rated “N/A”.

Table 1 lists the gel strength code and the gelling rate for the
formulations prepared according to examples 1 through 20.
The concentrations of the additives are given in the Table 1n
%. The concentration of additives A-7 and A-8 in brackets
were added to the polymer solution 15 minutes (wait period)
prior to the addition of the other additives. For examples 15,
16 and 20 additional concentrations of 0.4%, 0.4% and 1.2%
additive A-7 were added 15 minutes after a first concentration
of 0.5% was allowed to react with the polymer.

The fluid formulations are described 1n greater detail 1n the
following examples:

Example 1

2.0 ml of a solution containing 1% guar polyaldehyde
solution were placed 1n a closed 4 ml glass vial, and the fluid
viscosity was monitored over time.
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Example 2

2.1 ml of a solution containing 1% guar polyaldehyde and
0.5% sodium hydroxide were placed 1n a closed 4 ml glass
vial, and the fluid viscosity was momitored over time.

Example 3

2.1 ml of a solution containing 1% guar polyaldehyde,
0.75% sodium tetraborate decahydrate, and 1.25% glycerol
were placed 1n a closed 4 ml glass vial, and the fluid viscosity
was monitored over time.

Example 4

2.2 ml of a solution containing 1% guar polyaldehyde,
0.5% sodium hydroxide, 0.75% sodium tetraborate decahy-
drate, and 1.25% glycerol were placed 1n a closed 4 ml glass
vial, and the fluid viscosity was momitored over time.

Example 5

2.1 ml of a solution containing 1% guar polyaldehyde,
1.55% 2,2'.2"-nitrilotriethanol, 0.3% sodium tetraborate,
0.25% zirconyl oxydichloride, and 0.4% 2-aminopen-
tanedioic acid were placed 1n a closed 4 ml glass vial, and the
fluid viscosity was monitored over time.

Example 6

2.2 ml of a solution containing 1% guar polyaldehyde, 5%
of N'-(2-aminoethyl)-N-[2-(2-aminoethylamino)ethyl]
ethane-1,2-diamine, 1.55% 2.,2'.2"-nitrilotriethanol, 0.3%
sodium tetraborate, 0.25% zirconyl oxydichloride, and 0.4%
2-aminopentanedioic acid were placed 1n a closed 4 ml glass
vial, and the fluid viscosity was monitored over time.

Example 7

2.1 ml of a solution containing 1% guar polyaldehyde and
3% of N'-(2-aminoethyl)-N-[2-(2-aminoethylamino)ethyl]
cthane-1,2-diamine were placed 1n a closed 4 ml glass vial,
and the fluid viscosity was monitored over time.

Example 8

2.1 ml of a solution contaiming 1% guar polyaldehyde, and
5% 2-amino-3.4,5,6-tetrahydroxyhexanal hydrochloride
were placed 1n a closed 4 ml glass vial, and the fluid viscosity

was monitored over time.

Example 9

2.2 ml of a solution containing 1% guar polyaldehyde,
0.5% sodium hydroxide, and 3% 2-amino-3,4,5,6-tetrahy-
droxyhexanal hydrochloride were placed 1n a closed 4 ml
glass vial, and the fluid viscosity was monitored over time.

Example 10

2.3 ml of a solution containing 1% guar polyaldehyde,
0.5% sodium hydroxide, 0.75% sodium tetraborate decahy-
drate, 1.25% glycerol, and 5% 2-amino-3,4,5,6-tetrahy-
droxyhexanal hydrochloride were placed 1n a closed 4 ml
glass vial, and the fluid viscosity was monitored over time.

Example 11

2.3 ml of a solution containing 1% guar polyaldehyde, 5%

of N'-(2-aminoethyl)-N-[2-(2-aminoethylamino)ethyl]
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ethane-1,2-diamine, 1.55% 2,2'.2"-nitrilotriethanol, 0.3%
sodium tetraborate, 0.25% zirconyl oxydichlonide, 0.4%
2-aminopentanedioic acid, and 5% 2-amino-3,4,5,6-tetrahy-
droxyhexanal hydrochloride were placed m a closed 4 ml
glass vial, and the fluid viscosity was monitored over time.

Example 12

2.2 ml of a solution containing 1% guar polyaldehyde,
1.55% 2,2'.2"-nitrilotriethanol, 0.3% sodium tetraborate,
0.25% zirconyl oxydichlornide, 0.4% 2-aminopentanedioic
acid, and 5% 2-amino-3.4,5,6-tetrahydroxyhexanal hydro-
chloride were placed 1n a closed 4 ml glass vial, and the fluid
viscosity was monitored over time.

Example 13

2.3 ml of a solution containing 1% guar polyaldehyde, 5%

2-amino-3,4,5,6-tetrahydroxyhexanal hydrochloride, and
5% of N'-(2-aminoethyl)-N-[2-(2-aminoethylamino )ethyl]
cthane-1,2-diamine were placed 1n a closed 4 ml glass vial,
and the fluid viscosity was monitored over time.

Example 14

2.1 ml of a solution containing 1% guar polyaldehyde, and
0.5% 2-aminopentanedioic acid were placed 1n a closed 4 ml
glass vial, and the fluid viscosity was monitored over time.

Example 15

2.3 ml of a solution containing 1% guar polyaldehyde, 5%
of N'-(2-aminoethyl)-N-[2-(2-aminoethylamino)ethyl ]
ethane-1,2-diamine, 1.55% 2,2'.2"-nitrilotriethanol, 0.3%
sodium tetraborate, 0.25% zirconyl oxydichloride, and 0.9%
2-aminopentanedioic acid were placed 1n a closed 4 ml glass
vial, and the fluid viscosity was monitored over time.

Example 16

2.2 ml of a solution containing 1% guar polyaldehyde,
1.55% 2,2'.2"-nitrilotriethanol, 0.3% sodium tetraborate,
0.25% zirconyl oxydichloride, and 0.9% 2-aminopen-
tanedioic acid were placed 1n a closed 4 ml glass vial, and the
fluid viscosity was monitored over time.

Example 17

2.3 ml of a solution containing 1% guar polyaldehyde, 5%
of N'-(2-aminoethyl)-N-[2-(2-aminoethylamino)ethyl ]
cthane-1,2-diamine, and 0.5% 2-aminopentanedioic acid
were placed 1n a closed 4 ml glass vial, and the fluid viscosity
was monitored over time.

Example 18

2.5 ml of a solution containing 1% guar polyaldehyde,
0.5% sodium hydroxide, 2.25% sodium tetraborate decahy-
drate, and 3.75% glycerol, and 3% 2-amino-3,4,5,6-tetrahy-
droxyhexanal hydrochloride were placed 1n a closed 4 ml
glass vial, and the fluid viscosity was monitored over time.

Example 19

2.4 ml of a solution containing 1% guar polyaldehyde,
4.65% 2,2'.2"-nitrilotriethanol, 0.9% sodium tetraborate,

0.75% zirconyl oxydichlonide, 1.2% 2-aminopentanedioic



US 8,361,935 B2

13

acid, and 5% 2-amino-3.4,5,6-tetrahydroxyhexanal hydro-
chlonide were placed 1n a closed 4 ml glass vial, and the fluid
viscosity was monitored over time.

Example 20

2.2 ml of a solution containing 1% guar polyaldehyde,
4.65% 2,2'.2"-nitrilotriethanol, 0.9% sodium tetraborate,
0.75% zirconyl oxydichloride, and 1.7% 2-aminopen-
tanedioic acid were placed 1n a closed 4 ml glass vial, and the
fluid viscosity was monitored over time.

TABL.

1

(Ll

14

Comparison of examples 7 and 17 shows that the conden-
sation between the aldehyde containing polymer and the
monoamine containing additive A-8 (with pendant carboxy-
lic acid groups) did also impair further reaction of the alde-
hyde polymer with the polyamine A-3, showing that a sub-
stantial amount of the 1nitial aldehyde groups were reacted
with the amine groups of additive A-8 during the 15 minute
wait period, thus yielding polymers with new pendant car-
boxylic acid functional groups that did not subsequently
crosslink with the polyamine A-5.

Gel strength and gelling rates for fluid formulations prepared according

to examples 1 to 20

Al A2 A3 A4 A5 A6 A-7 A-8
Example (%) (%) (%) (%) (%) (%) (%) (%)

1

. 0.5

3 0.75 1.25

4 0.5 075 1.25

5 0.3 0.25 1.55 0.4

6 0.3 0.25 5 1.5 0.4

7 5

R (5)

9 0.5 (5)
10 0.5 075 1.25 (5)
11 0.3 0.25 5 1.55 0.4 (5)
12 0.3 0.25 1.55 0.4 (5)
13 5 (5)
14 (0.5)
15 0.3 0.25 5 155 (05)+04
16 0.3 0.25 1.55 (0.5)+04
17 5 (0.5)
18 0.5 225 3.75 (5)
19 0.9 0.75 4.65 1.2 (5)
20 0.9 0.75 465 (0.5)+1.2

Comparison of examples 1 and 2 shows that the aldehyde
and hydroxyl containing guar polyaldehyde polymer did not
self condense at a high pH (adjusted with sodium hydroxide).
Comparison of examples 1 and 2 with example 7 indicates
that a slight viscosity increase due to the crosslinking reaction

between the aldehyde containing polymer and the polyamine
additive A-5.

Examples 3 and 4 show that the guar polyaldehyde poly-
mer 1s capable of producing borate crosslinked gels.

Examples 5 and 6 show thatthe guar polyaldehyde polymeris
capable of producing crosslinked gels with boro-zirconate
crosslinkers. Comparison of examples 3 and 5, and 4 and 6
shows that stronger zirconate crosslinked can be obtained
with a boro-zirconate crosslinker than with a pure borate tluid
even at lower boron concentrations.

Comparison of examples 1, 8, 9 and 14 shows that the
condensation between the aldehyde containing polymer and
the monoamine containing additives A-7 (with pendant
hydroxyl groups) or A-8 (with pendant carboxylic acid
groups) did not result in crosslinking nor 1n any apparent
v1sCOsity 1ncrease.

Comparison of examples 7 and 13 shows that the conden-
sation between the aldehyde containing polymer and the
monoamine containing additive A-7 (with pendant hydroxyl
groups) did impair further reaction of the aldehyde polymer
with the polyamine A-3, showing that a substantial amount of
the mitial aldehyde groups were reacted with the amine
groups ol additive A-7 during the 15 minute wait period,
yielding thus polymers with new additional pendant hydroxyl
tfunctional groups that did not subsequently crosslink with the
polyamine A-3.

Gel
Strength Gelling Rate
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N/A
N/A

very fast
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The results obtained for examples 10, 11, and 12 indicate
that the modified hydroxyl pendant group containing polymer
prepared according to example 8 still retains the ability to
interact with typical borate or boro-zirconate crosslinkers.
Comparison of examples 10, 11 and 12 with examples 4, 5
and 6 shows that the gelling rate 1s decreased for the former
compared to the later. This 1s attributed to the excess unre-
acted additive A-8 which pertains to a class of chemicals
known to delay and reduce the extent of the borate crosslink-

ing by complexing with the borate 1on.

In order to verily that improved crosslinked fluid could be
obtained with the polymer containing pendant hydroxyl
groups resulting from the condensation of the guar polyalde-
hyde and the amino-containing polyol A-7, the concentration
of the crosslinking species was increased 1n examples 18 and
19. Comparison of examples 18 and 19 with examples 10 and
12 shows that indeed better crosslinked gels (higher gel
strength) and faster crosslinking kinetics can be obtained by
modifying the crosslinker concentration.

The results obtained for examples 135, and 16 indicate that
the modified carboxylic acid pendant group containing poly-
mer prepared according to example 14 still retains the ability
to interact with typical boro-zirconate crosslinkers. Compari-
son of examples 15 and 16 with examples 5 and 6, shows that
the gelling rate 1s decreased for the former compared to the
later. This 1s also attributed to the excess unreacted additive
A-7 which pertains to a class of chemicals known to delay and
reduce the extent of the zirconate crosslinking by complexing
with the zirconate 10n.

In order to verily that improved crosslinked tluid could also
be obtained with the polymer containing pendant carboxylic
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acid groups resulting from the condensation of the guar poly-
aldehyde and the amino-containing polycarboxylic acid A-7,
the concentration of the crosslinking species was increased in
example 20. Comparison of example 20 with examples 15
and 16 shows that indeed better crosslinked gels (higher gel
strength) and faster crosslinking kinetics can be obtained by
moditying the crosslinker concentration.

Those skilled 1n the art will easily recogmize that the extent
of the modification reaction of the guar polyaldehyde solution
with 2-amino-3,4,5,6-tetrahydroxyhexanal hydrochloride
(additive A-8) shown in the above described examples can be
controlled by the stoichiometry (ratio of aldehyde to amine
groups ), the reaction time (wait time) and the temperature at
which the reactions 1s carried out. Stmilarly, 1t will also be
casy to recognize that the extent of the modification reaction
of the guar polyaldehyde solution with 2-aminopentanedioic
acid (additive A-7) shown in the above described examples
can also be controlled by the stoichiometry (ratio of aldehyde
to amine groups), the reaction time (wait time), and the tem-
perature at which the reactions 1s carried out. Stoichiometry
and reaction time are parameters that can be easily controlled
in a wellbore treating operation by modifying the additive
feed concentrations, and the treatment flow rate. In addition,
temperature can be primarily modified by altering the tem-
perature of the aqueous brine, and additionally by altering the
treatment flow rate allowing for a longer or shorter contact
period with the formations neighboring the wellbore.

The particular embodiments disclosed above are 1llustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. Further-
more, no limitations are intended to the details herein shown,
other than as described 1n the claims below. It 1s therefore
evident that the particular embodiments disclosed above may
be altered or modified and all such variations are considered
within the scope and spirit of the mnvention. Accordingly, the
protection sought herein 1s as set forth in the claims below.

What 1s claimed 1s:
1. A method of treating a subterrancan formation with a
fluid, the method comprising
a) providing a fluid comprising:
1. a crosslinker

HO OH
COOH\S S/
v ©an
HO OH \
OH
NH,

derived from a reaction product of 1,4-benzenedibo-
ronic acid and 2-hydroxy-4-aminobenzoic acid; and

11. a polysaccharide or cellulosic material comprising
oxidized functional groups; and
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b) mtroducing the flmd into a wellbore penetrating the
formation and causing the tluid to contact the formation.
2. The method of claim 1 wherein the polysaccharide or
cellulosic material comprises aldehyde groups.
3. The method of claim 1 wherein the fluid further com-
prises an inorganic crosslinker to achieve delay and high
temperature stability.

4. The method of claim 1 wherein the fluid 1s self breaking.

5. The method of claim 1 wherein the fluid has a pH
between about 2 to about 9, and wherein the treatment 1s one
of hydraulic fracturing, acid fracturing, gravel packing, frac
and pack treatment, wellbore cleanouts, or kill pill applica-
tion.

6. The method of claim 1 wherein aqueous medium 1s used
to form the fluid, wherein the aqueous medium 1s contami-
nated, and whereby tluid viscosity is essentially unaltered by
contaminants present 1n the aqueous medium.

7. The method of claim 1 wherein the polysaccharide or the
cellulosic material 1s at least partially oxidized prior to
hydrating or while hydrating 1n an aqueous medium.

8. The method of claim 1 wherein the polysaccharide or the
cellulosic material 1s oxidized using at least one of an
enzymes, oxidizers, photooxidation, bacteria or catalyst.

9. The method of claim 1 wherein the polysaccharide or
cellulosic material has polyaldehyde functionality crosslink-
able with an organometallic crosslinker.

10. The method of claim 9, wherein the polysaccharide or
cellulosic material 1s oxidized 1n situ during an operation to
provide a polyaldehyde functionality.

11. A method comprising:

a) providing a fluid comprising a crosslinker

HO OH
COOH\S S/
a @ \ CooH
HO OH
NH, )

derived from a reaction product of 1,4-benzenediboronic
acid and 2-hydroxy-4-aminobenzoic acid; and a
polysaccharide or cellulosic material comprising oxi-
dized functional groups; and

b) contacting a target material with the fluid to treat a target

Zone 1n a subterranean formation.

12. The method of claim 11 wherein the polysaccharide or
cellulosic material comprises aldehyde groups.

13. The method of claim 11 wherein aqueous medium 1s
used to form the fluid, wherein the aqueous medium i1s con-
taminated, and whereby tluid viscosity 1s essentially unal-
tered by contaminants present 1n the aqueous medium.

14. The method of claim 11 wherein the polysaccharide or
cellulosic material 1s oxidized 1n situ during a treatment to
provide a polyaldehyde functionality.
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